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ABSTRACT 



An Xbase transaction processing system that allows Xbase 
and SQL clients to operate against an Xbase file set on a 
server computer with commit/rollback transaction behavior 
that protects the data integrity of the Xbase file set against 
corruption due to the failure of one or more client comput- 
ers. The system includes a server network communication 
means, an Xbase transaction protocol interpreter, an Xbase 
transayfipj) mana percent means and an Xbase data file 
execution means. The communication means is configured 
to receive Xbase t ransactional commands f rom the network 
and to present server responses to the network. Software 
interfaces attach the network communication means to the 
protocol interpreter, the protocol interpreter to the transac - 
t ion manager and the transaction manager to the file execu - 



tion means. 



8 Claims, 11 Drawing Sheets 
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XBASE TRANSACTION PROCESSING Examples of traditional programming languages include 

SYSTEM FORTRAN, BASIC, C, C++, FORTH, PASCAL, LISP, 

ADA, MODULA II, and assembly language for a large 
number of different computer systems. Database languages 

REFERENCES 5 such as SQL, on the other hand, limit their language con- 

[I] Melton, Jim (ed.), "Database Language SQL", ANSI structs to data definition, creation and manipulation, and 
X3H2 (1986) specifically avoid providing constructs for user interface 

[2] House, Bill (ed.), "Xbase Programming Language programming. 

(Preliminary Draft) 5 ', ANSI X3J9 (1993) when personal computers were introduced in the late 

[3] Kniglinski, David J., "Inside Visual C++ (Second 10 I970*s and early 1980's, a family of programming lan- 
Edition)", p. 503-506 (Microsoft Press 1994) guages was introduced that contained the features of tradi- 

[4] Advantage 3.0 Reference for Advantage Xbase Server t j ona i programming languages such as C, FORTRAN, 

(Extended Systems Inc. 1993). BASIC and PASCAL to manage user interfaces. These 

[5] Marasca, Brian, "ObjectDB: A Class library for Data- programming languages also included language constructs 
base Management", Micran Associates 1993). ObjectDb 15 to provide database-like creation and manipulation corn- 
is a trademark of Micran Associates. mands based on computer files of the underlying operating 

[6] Day, Michael, ,f NetWare 4.0 NLM Programming" system. Ashton Tate's dBASE is an early example of such a 

(Novell Press 1993) hybrid language. dBASE is a registered trademark of Bor- 

[7,8]Rose, Charles G, "Programmeer's Guide to NetWare", land . International, a successor to Ashton-Tate. dBASE 

Chapter 14 (McGraw-Hill 1990) 20 evolved into a generalized language known generically as 

[9] CA-Clipper Reference Guide for Dos (Computer Asso- Xbase. Xbase has been the subject of an ANSI standardiza- 

ciates 1992) tion effort under the direction of ANSI X3J9 [2]. It is 

[10] CA-Clipper Drivers Guide Version 5.2 (Computer instructive to note that ANSI classifies SQL as a database 
Associates 1992), Clipper is a registered trademark of language, contrasted with Xbase which is classified a pro- 
Computer Associates. 25 gramming language. 

[II] Kruglinski, David J., "Inside Visual C++ (Second r^tir \^ ^,, *nrt p ro^min^ ft nvfmnin e nte 
Edition)", chapter 24, p.501-548 (Microsoft Press 1994) b as ^ ed oa Xbase andu^derivadves"have proven very m^lar 

[12] Simba Engine 3.1 for Microsoft Windows (Simba and are weU suited f or sing ie computer applications, as 

Technologies Inc. 1995). Simba is a trademark of Simba s h Q Wn ; n mi 1. In such a system, an Xb asra^icjio Q 

Technologies 30 program \ j s compiled against a traditional Xbase lan ^ge 

TECHNICAL FIELD environment 3 such as Clipper or dbASE, The resulti ng 

p rogram is executed on the single personal computer 9 , 

The present invention relates to c omputer transact ion making changes < to_ = tli£- Abase file^set 5 of the underlying 



processing systems and more particuiarlyTo computer tran s- DOs nie s ystem-?. Si ngle computer enviropments avoid the 

action processi ng systems based on the Xbase programming 35 p roblems^mtroauced when multiple users are deman ding 

laiijjUaue, s imultaneous acces s to a common set of data . 

' " ^ ^ „„™ ™™ r However, it is a widely held belief that Xbase is inherently 

BACKGROUND OF THE INVENTION diffefent ^ a and ^ not suitable for tme? 

Computer database servers are computers with central- ^ mission-critical database processing for corporate data, 

ized database storage arranged so that a number of users at Microsoft, a major computer software supplier, provides 

remote client computers can simultaneously access the data both Xbase products and SQL products, and instructs its 

in the database. The database server contains the necessary customers that Xbase is suitable for local file manipulation, 

logic to ensure that the data does not become corrupted when but that SQL should be used for remote database access.p] 

two or more clients write to the database at the same time. 45 Database experts have long held that Xbase is not a database 

One possible source of data corruption on a database server language and should not be used for multi-user database 

arises when two or more client users attempt to change the applications. SQL is often described as a query language, 

same set of data simultaneously. Without some sort of while Xbase has a large number of non-query language 

control mechanism, such access can easily corrupt the data. constructs. 

Most database servers are based on database languages 50 There are major architectural differences between Xbase 

such as SQL. SQL was originally defined as a U.S. national and SQL. Xbase is based on known file formats, typically 

standard by ANSI X3H2 in 1986[1]. Since that time, a the so-called .DBF file format, and number of related index 

number of revisions of standardized SQL have emerged. In file formats. Xbase applications know and directly manage 

addition, a large number of vendors have released database data files and associated index files. In SQL, the underlying 

products based on standardized SQL or some variant of that 55 file system and indexes are hidden from the application 

language. program which instead references logical database tables 

Database languages generally differ from traditional com- rather than physical operating system files. This distinction 

puter programming languages in that database languages requires entirely different programming models for apphca- 

provide language constructs to describe and manipulate tl0n programs. 

data. Traditional programming language are typically much 60 Xbase and SQL differences are troublesome for informa- 

broader in scope and provide language constructs to display tion clients who desire to scan information that spans both 

user data on a client screen and receive input from a Xbase data file sets and SQL databases. With the explosion 

keyboard, mouse, or other input device and in general of computer networking in general, and the internet in 

manage the user interface. In addition, traditional computer particular, information clients need to access data where it is 

programming languages contain language constructs to read 65 found and in its native format. This is a different paradigm 

and write data into storage devices such as computer file from a few years ago when it was customary to copy data 

systems, tape drives, CD-ROM drives, and so forth. sets of interest into the native format for a particular SQL 
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system. Microsoft and other software vendors have database terminology, the database integrity is violated, even 

addressed the need to span SQL and Xbase data by a single though file system integrity is preserved. Switching the 

application by providing an programming language inter- order of steps does not solve the database corruption prob- 

face called ODBC [11] which allows an application program i em ; it just changes the details of the corruption, 

to access both Xbase data and SQL data from a single 5 To address the form of database corruption illustrated by 

application program. Microsoft Access is an example of an me simple banking illustration, the concept of a transaction 

ODBC product that supports ODBC. ODBC and related has been introduced and has been widely known for many 

technologies provide a programming environment where years. Transactions are an inherent feature of database 

differences between Xbase data file set programming and languages such as SQL. In a transaction based system, steps 

SQL database programming are minimized, but not entirely i 0 1 and 2 are combined by the application program into a 

eliminated. One difference not eliminated by ODBC and smg i e un [ t 0 f work ca j led a transaction. A simple rule but 

related technologies is differences in transaction behavior fundamental rule of transaction processing says that all steps 

for Xbase and SQL. ODBC supports transaction technolo- 0 f a transaction must be completed or none of the steps of 

gies only if the underlying system — SQL or Xbase— tne transaction must be completed. If a transaction is fully 

supports it. This means for traditional Xbase, there is no true 15 completed and reflected in the database, the transaction is 

transaction support. sa id t 0 be "committed". If the transaction does not complete, 

With the introduction of computer networks for personal and any partially completed steps are reversed, the transac- 

computers, the concept of a file server was deployed in tion is said to be "rolled back/' Thus in our banking 

which multiple clients can access generic computer files on example, when the computer systems failed after completing 

a centralized server. Such a server protects multiple users 20 step 1 but not step 2, at some point the computer system is 

from corrupting computer files. Traditional Xbase, running restored to an operational state and partially finished trans- 

on a file server, is shown in FIG. 2. In FIG. 2, there are least action must either be committed or rolled back; generally the 

three computers denoted by 25, 25' and 18. 25 and 25' denote latter. Thus if transaction processing is in place, after such a 

client computers operating against file server computer 18. failure, a rollback would be issued either by the adminis- 

Note that although only two clients are shown, there can be 25 trator or automatically. The rollback would effectively undo 

an arbitrarily large number of clients. In FIG. 2, Xbase step 1 by subtracting the $10,000 from account C, and the 

application programs 1 and T are compiled or interpreted by entire transaction could be reissued to complete the 

their respective traditional Xbase language environment 3 or requested transfer. 

3* which translates Xbase commands into file system calls Transaction processing is considered to be one of the most 
against the DOS file system API 11 and 11'. Transparent to 30 important distinctions that separates traditional program- 
application 1 and 1' the DOS file system API function calls ming languages from database languages. Transactions are 
11 are converted into file system commands for the file well-defined in SQL but are not well defined in traditional 
system 17. The commands are delivered to the server Xbase. Xbase critics have long maintained that proper 
computer via the network drivers 13, 13' and 15. In this transaction semantics cannot be implemented in Xbase. 
system, the Xbase application programs 1 and 1' can run 35 Xbase database servers such as the Advantage I database 
simultaneously, and the file system 17 will protect individual server have been introduced.[4] These database servers 
files in the Xbase file set 5 from corruption. However, a file reside on the server computer and add performance benefits 
server 18 cannot protect database corruption. Database cor- to file servers used in an Xbase environment. Unfortunately 
ruption can occur even though the underlying files in the servers such as the Advantage I do not offer a solution to the 
Xbase file set 5 that contain the database data are not 40 database corruption described earlier, 
individually corrupted. Database corruption is intolerable in Other products, such as ObjectDB[5] attempt to add 
a serious business application for obvious reasons. commit/rollback transactional processing to a multi-user 

To understand how a data files using the system of FIG. programming environment by including transactional logic 

2 can be corrupted even when the underlying files are on each client as shown in FIG. 3. FIG. 3 is similar to FIG. 

individually not corrupted, the concept of a data transaction 45 2 except client transaction management means 19 is added, 

is helpful. By way of a highly simplified illustration, sup- Also, the Xbase language environment 21 is enhanced over 

pose a bank customer request that $10,000 be transferred the traditional Xbase language environment 3 in that the 

from a savings account to a checking account. Suppose, Xbase language environment 21 provides a mechanism to 

further, that the bank maintains the checking account infor- define transactions by providing transactional programming 

mation in file C on its file system and its savings account so commands to the user environment such as BEGIN TRANS- 

information on file S. In order to complete the transfer, the ACTION and COMMIT TRANSACTION and ROLL- 

following steps must take place: BACK TRANSACTION. With the Xbase language envi- 

Step 1: Add $10,000 to the proper account in file C. ronment 21, programmers can explicitly identify 

Step 2: Subtract $10,000 from the proper account in file S. transactions in the Xbase application program 1. 

Now suppose that when this banking transfer is being 55 Although the client-based transaction management 19 and 

made, the computer system successful completes step 1, but 19' illustrated in FIG. 3 appears to add transactional pro- 

before step 2 initiates, the computer system goes down for cessing to Xbase, it suffers from a number of problems, 

some reason. In this situation, both files C and S, as files, are Since there is no central point of control in the system 

not corrupted (i.e. both files contain meaningful data). illustrated in FIG. 3, each client 25 and 25' may modify any 

However, the system as a whole is corrupted, because the 60 file in the Xbase file set 5 at will on the server 18, potentially 

customer now has a windfall gain of $10,000 and the banks corrupting the Xbase file set 5. If any one client 25 or 25' 

data set is corrupted because it shows $10,000 more in its fails, then part or all of the transaction management is 

accounts than it actually has. Neither file C or S, standing subject to failure, leading to database corruption. This prob- 

alone, is corrupted; each is correct depending on whether the lem is particularly acute in a modern PC based network, 

transfer is considered completed or not. As a set, however, 65 where client computers 25 and 25' are often powered down 

the files are corrupted. Thus in such a situation, the database or reset by their users. Such users are often unaware that 

is corrupted, even though the underlying files are not. In such action is corrupting the Xbase file set. In other words, 
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a user who simply turns his or her desktop off at night before FFG. 5/ \ and SB arp. h1n r.1i; rlia gr^ pis showing how th e 

going home from work can inadvertently corrupt the Xbase _% , b ase fran^ar-Hrm proto col interpreter of the preferr ed 

file set 5 when using the client transaction management invention r^o^sses^omrn^nds ana^ presents the results, to 

means 19 and 19' of FIG. 3. In such as system there is no the XbaseffaSacTLpp^ana ^ement m eans. 

central authority to detect the failure and "clean-up" any 5 FIG. 6A is a expanded block diagram of the Xbase 

unfinished work. When a catastrophic failure of a client 25 language environment an Xbase transaction processing sys- 

or 25' occurs — i.e. the client machine is turned off without tern according to the present invention, 

exiting an application i programme a ch application that was FIG. 6B is a expanded block diagram of the Xbase 

in the process of updating the database when the failure 1 environment of a preferred embodiment of an 

occurred must be identified, and instructed to cleanup the 10 XbaS£ transactioQ process i ng system according to the 

failed database. In the client-based transaction management t where me app ii ca ti on programming envi- 

system of FIG. 3, since each remaining client 25 and 25 ronment ^ based on me CH programming ianguage[9], 

generally has no knowledge of what other clients 25 and 25 ,„ „ . , . , , 

were doing or that they even existed, it is difficult or FIG. 7 is a block diagram of an Xbase transaction 

impossible for a surviving client 25 or 25' to clean up after 15 processing system supporting an SQL client executing 

a failed peer client 25 or 25 against an Xbase file set with proper commit/rollback behav- 

Furthermore, even if the failed client is eventually ior according to the present invention, 

restored and determines that a failure occured, under the FIG - 8 is a block diagram of an Xbase transaction 

client-base transaction management approach of FIG. 3, processing system supporting both SQL and Xbase simul- 

since record locks are generally removed when a client fails, 20 taneous clients according to the present invention, 

there is no mechanism to stop another client from writing to nccnmiynnxi tiif 

the records involved in the partially finished but failed DETAILED DESCRIPTION OF THE 

transaction before the failed client gets a chance to undue the INVENTION 

partial transaction. Furthermore, any client 25 or 25' that The above reference list contains background information 

fails to behave properly either due to a unintentional pro- 25 from public sources that is helpful, although not absolutely 

gramming bug, or an operator error or a power down can essential, to understand this invention, and is hereby incor- 

easily corrupt the Xbase file set 5. porated by reference. 

What is needed is an Xbase programming environment rrr , A , , . , , c +u 

, . j j r . ^ & , FIG. 4 shows the general block diagram of the present 

that properly implements transaction management and pre- t, r . . ,. . . ? . *l £r 

' r , . iL *\ f. invention. The preferred embodiment is based on the Clipper 

vents Xbase file corruption due to either client errors or other 30 . S rfll . „ , . . 

^ ^ r programming language!^!- Clipper is a well-known variant 



of Xbase. 



SUMMARY OF THE PRESENT INVENTION I n the preferred embodim ent, fhe h-an^n'™ pIpt^^ 0 n 

^ ...... A „ . A T the se rver 18-Khe server netw ork com munication mea ns 

The present invention is illustrated generally in FIG. 4. It z fTthe Xbase transaction protocol in terpreter 29 and the 

mvififc fnr a nf«7 Xhasp. trancartinn manaap.mp.n mp.ane ^1 ~> D • ■ - — - — ■ai^^M^^g^caB^^ 1 -' . ■ 



provides for a new Xbase transaction management means 31 35 . ^ ■ ■■ mmammmB^t ^ ti * : 

\ , . ,. , Xbase transacuon manage ment mea ns 31 — are implemented 

that resides on the server 18, providing a client-mdependent, Novel , NetWare ^ a siDgle K NeQ y are 

centralized point of control for file modifications. The ^ ^ Module fNLMV The details o t h owT olmplem ent 

present invention prevents corruption or an Xbase database ~-v TT K ; , u \ — - f r — ..)■ a rr-rr ^ »„ T , 

£% * -i * V u ci , c u ■ i •*/ anNLM are well known to one sKiiiea in me art .and are 

reflected in an Xbase file set 5 by implementing commit/ described in T61 " 

rollback transaction processing against the Xbase file set 5 40 *— ; * , . < 

even when a client 25 or 25' fails unexpectedly. The present ™ c xrvsT nctWDlk communication means 27 can be any 

invention prevents a new client from writing on data par- ^"j? com P« ter forking P rotoco1 In U6 P refcrred f 

tially updated by a failed transaction. The present invention embodiment, the network communication means consists of 

for the first time provides a means for multiple SQL client ^transport protocol that operates over a network protocol, 

application programs to execute against an Xbase file set « ^ embodiment uses IPX [7] a weU known network 

with proper commit/rollback behavior. The, present inven - Protocol, for lts ~«™>* Protocol. SPX [8], a well known 

tion also provides f or the first time the ability for multip le < rans P° rt P ro,oco1 ' can be u u sed as f me transport protocol, but 

SQL based appli cation programs and/or Xbase based app li - for performance reasons, the preferred embodiment uses a 

r a.inn rnni,nw in simultaneously execute a g ainst an under - custom f rans P ort P' 0 ^ 1 * nttcn for thc * base , da,abaS " 

lylh ^C data seU nd maintaJn prop eTtTansabtion beh av 50 server similar to SPX. SPX requires an acknowledgment 

i oT'for both the SQ L clients and the Xbase client . from the rec6iver t0 J the ^nder for every packet to verify the 

«rr : : ; — : : TT ,„ packet was received intact. The custom transport protocol 

The present invention preserves the integrity of the Xbase for ^ 6mbodiment simi]ar t0 SPX , but it avoids sending 

database reflected in the Xbase file set 5 without the help or an acknow i edgment eacn packet> instead relying on the fact 

cooperation of the clients 25 or 25 . 5J that mQSt xbase BKVer m initiat6d by me c i icnt 

BRIEF DESCRIPTION OF THE DRAWINGS anc * ex P ec ^ a response. Since for Xbase, the packet based 

acknowledgement provided by SPX is redundant and time 

FIG. 1 is a block diagram of a traditional Xbase single consuming, the transport protocol eliminates the redundant 

user system according to the prior art. acknowledgment. ( 

FIG. 2 is a block diagram of a traditional Xbase single 60 The preferred embodiment uses know n technolo gy spe - * 

user system deployed on a multi-user file server according to cific to the Clipper environment including removable de vice 

the prior art. drivers or RDDs flOl In the preferred embodiment the 

FIG. 3 is a block diagram of an Xbase multi-user system Xbase transaction command re co gnition means 41 of JiLG. 

with client-side transaction management according to the 6 B uses an enhanced Clipper header file to provide a 

prior art. 65 co m mand in terlace tor the BEGIN I R ANS ACTIQNTcQM - 

FIG. 4 is a block diagram of an Xbase transaction N^IT TRANS A ("71 ™A RTVT 1 Tt ACKTRANSACIIQN 



processing system according to the present invention. statements ; Clipper translates those comoiands into function 
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calls^ a nd the function calls for BEGIN TRANSACT ION, itself is maintained. In any case where the server 18 deter- 

r TTMTvffi^ A NSArTrnN r anf1 ROLLBACK TRAN S AC- mines the client has failed, the server issues its own rollback 

TION are passed directly to the client network means 2 3 of to undo any partial transaction in progress for the failed 

FIG. 4I Phe Xbase commands that actually change tEe d ata client 25 or 25, thus preserving database integrity. 

-jrelro&ssea oy Clipper, and presented to the KUD45 in 5 In the preferred embodiment of FIG. 4. the client networ k 
functional form. Ik Xbase transaction protocol means 43 of commun j cation mea ns 23 m irrors that of the server net^ rk 
the preferred embodiment of FIG. 6B is implemented col- eoJ^tU ^ s 2 7; t he network means 23jtnd2 7 
Lectively in the RDD function for each transaction related must be desired sTtblt they can commimicate ^ead3 
command. Each RDD function encodes the command using 0 tb er . The client network comm unication means 23 o f the 
asimpleprotocolthat K understoodby theXbasetransaction 10 em bo7iment also use HPX for a network l evel 
protocol interpreter 29 using well known programming ^tocol, an d either SFA or a taster c ustom transport .pro- 
tectab le preferred embodiment encodes Xbase trans- fc^l tailored to Xbase. ffhe p referred embodiment is 
actional commands into a simple Xbase transaction protocol des j gne d for Clipper application programs but because its 
where the first byte !s a unique operation code used to inQerent ^ seryer architecture can accept xbase com . 
Ldentify the encoded transactional command. The transac- 15 mmd& from aQy dfcnl 25 or 25 , who adhefes tQ me 
tional commands in the preferred embodiment are update ol ^ ^ ferred em5odiment> the app i ication pro . 
write memo, append delete key, add key, add blank append x or v is a Qipper program The xbase language 
key, modify key, and write record. FIGS. 5Aand 5B show environmen t 21 is the Clipper programming environment [9] 
the operation of the Xbase transaction protocol interpreter ^ a cu&tom RDD [10] that can recogni2e and encode 
29 for the preferred embodiment and show how the protocol 20 transaction re]ated Cli commands and functions. In the 
is interpreted and presented to the Xbase transaction man- rcfcrrcd environment, the application program 1 and the 
agement means 31. r > Me that for transaction identific ation Xbage lan u e environment 21 and the client network 
a rid management, only commands that involve c hang ing the communication means 23 are statically linked to form a 

^as^areinvolved^tcommands that only read The database DQS £XE executable file . rod technology is old and is 
do not effect the transaction processing since they do not ^ described in [10] , Th e transaction-related command s in the 
change the database. preferred environment "correspond to the server protocol 
In the preferred embodiment, the Xba se transaction man- operation codes for transaction oriented functions, namely, 
agement means 31 is implemented as a log file lor ea ch up date, w rite memo , append,4 elete key, a dd key, ad d blank 
client 25 or 2 5'. As Xbase commands that will change the app end keyTmodify keyTaBd writ'etecord aTwelLasJ begin 
underlying X base file set 5 are received, they are stored in 30 and end transaJtioc 1 commands . illustrated bv FIGS. 5Aa nd 
a unique log file on the server 18. The ch anges are not made kjgj RD d then packages the command into the proper 
ana reflected to me actual Xbase file set 5 until a comm it op JC *f 0 7 mat f or network communication and delivers the corn- 
code is received, a rotibacx is receivea instead of a mand to the client ne twork communication means 23. The 

"commit, the transaction log is simply discarded, and the client ne twork communication means 23 sends the com- 

Xbase files remain undisturbed by the rolled back transac- 35 man d to the server 18 using convention networking tech- 

tion. When a commit is issued, the preferred embodiment nology through the server network communication means 

uses the NetWare file I/O system as its data file execution 27 

means 33 to actually commit the changes to the Xbase file , ., , , X£ . ft Krr 

A . J re j c j . • * Another embodiment uses Microsoft NT as its server 

set 5 on the file server 18. If a read of data occurs against . 10 w , , . , „ . r , 

. , . , , - , , ,. 6 .„ environment 18; alternate embodiments use different client 

data in the transaction log, the preferred embodiment will 40 ucation 6nvir0nments for the xbase language environ- 

return the data image in the log file thus allowmg only Iks ^ n Microsoft 0DBC applicationS; CAVxsual 

client to view uncomm.tted data Other chents reading he and ^ Microsoft ^ ^ 

same area will see the data as it was at the start of the J . . 

transaction. Thus other clients will either see the effects of embodiment is shown in FIG. 7. In this 

the transaction in its entirety or not see it at all. 45 embodiment, ODBC technology is used to accept an SQL 

« c , . , . v . # program 51 written for the Microsoft ODBC environment 

The preferred e mbodiment can be run in eithe r transactio n _„ t , t . „ . 

7 — 4 — 1 -< . — j—- — ■ — -3 — : — 7. — v , - fill The SOL to Xbase translation means 53 is accom- 

mode or non trans action mode; the latter mode is for Xbase L ,. J ' * 7 V r . f 

a pplication that depend on the historical, non-transaction **** through any one of a number o we 1 known parsing 

oriented behavior of traditional Xbase. In the preferred techniques [12]; the resu ts are then treated as an Xbase 

, , . u r r ^ „„„*„;„o „ t efx language environment 21 for the present invention. In 

embodiment, the application program 1 contains an explic it 50 _ B ... t iL t. £i c .u* * *u 

BEGINTRANSACTION statement that is tr ar^rmT^be °i BC .T th ° Ut - ihc ^\ °. f ^ in ™f ,n ' ih \ c ~^ 

Xbase server as a specific operation code aia^uTTthTIeTv er rollback °S 1C » either , °ot implemented or implemented 

inSS kcrinn mode fnr,aU work areas of a particular clien t. ™P<°P«ly » discussed earlier m client-based transaction 

gSSiriDS ^ can terminate with the exp licit language state- management systems. Th^ invention teaches for the ^ rst 

me nts CO MMIT\ TR ANSACTION ^" ROLLBA C K 55 time the way to achieve SQL com ^rollback Jr ansactio n 

TOANSACrrim^ ^ an impdrtant meth o a"orter- againsfan Xbase file setj^ 

minating a transaction is the case where any client computer FIG. 8 shows another novel feature of the present mven- 

25 or 25' is turned off or fails for any reason. The server 18, tion. SQL client application programs 51 and Xbase appli- 

through its server protocol can detect the failure of a client cation programs 5 can simultaneously operate against Xbase 

from a number of different ways. Novell NetWare, the 60 dat a sets 5 for the first time, each enjoying commit/rollback 

networking environment of the preferred embodiment, transactional behavior. 

detects through watch dog timers when any client 25 or 25' From the foregoing it will be appreciated that although 

has gone away. The preferred embodiment exploits this specific embodiments of the invention have been described 

NetWare feature to identify failed clients 25 or 25' and issue for purposes of illustration, variation modification may be 

a rollback on behalf of the failed client 25 or 25'. This 65 made without deviating from the spirit and scope of the 

embodiment also has its own watchdog timers that can invention. In particular, applying this invention to different 

detect client failures that occur when the network connection Xbase clients with variation in the Xbase language 
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supported, different operating systems and computing envi- 
ronments for either the client and server, multiprocessor or 
multicomputing environment for the processor or the server 
and different computer architectures and variation in net- 
working technology are within the spirit and scope of this 
invention. Accordingly, the invention is limited only by the 
appended claims. 
We claim: 

1. An Xbase transaction processing system for interpret- 
ing Xbase transactional commands encoded in an Xbase 
transaction protocol and enforcing commit/rollback transac- 
tion behavior on an Xbase file set on a server computer 
system attached to a network comprising: 

a server network communication means, 

an Xbase transaction protocol interpreter, 

an Xbase transaction management means, and 

an Xbase data file execution means, 

the server network communication means is configured to 
receive Xbase transactional commands from the net- 
work and to present server responses to the network, 
the server network communication means is attached to 
the Xbase transaction protocol interpreter by a software 
interface means, the Xbase transaction protocol is 
attached to the Xbase transaction management means 25 
by a software interface means, and the Xbase transac- 
tion management means is attached to the Xbase data 
file execution means by a software interface means, 

whereby Xbase transactional commands encoded in the 
Xbase transaction protocol are received by the server 30 
network communication means, and are presented to 
the Xbase transaction protocol interpreter, which 
causes the Xbase transaction management means to 
maintain a list of candidate Xbase data file changes 
associated with a transaction to be maintained, which at 35 
the end of the transaction either causes a commit to 
occur whereby all the candidate changes identified by 
the list are committed to the Xbase file set by causing 
the Xbase data file execution means to make the 
specified changes to the Xbase file set or causes a 40 
rollback to occur whereby none of the changes identi- 
fied by the candidate list are executed against the Xbase 
file set. 

. 2 ^ An Xbase client software system f or encoding Xbas e 
transactional commands in the Xbase transaction pro tocol 45 
on a client computer com prising: 
^oqe or more Xbase application programs, 
an Xbase lanfluafle environment^ and 
a client network communication means, 50 
the Xbase language environment further comprising: 
an Xbase transaction command recognition means and 
an Xbase transaction protocol encoding means, 
each application program is attached to the Xbase lan 

guage environment by a software interface means, 
the Xbase language environment is attached to the client 
network communication means by a software interface 
means, 

whereby the Xbase language environment uses the Xbase 6Q 
command recognition means to identify Xbase trans- 
actional commands and uses the Xbase transaction 
protocol encoding means to encode transactional com- 
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mands in the Xbase transaction protocol and present 
encoded Xbase transaction commands to the client 
network communication means, whereby the client 
network communication means presents the encoded 
command to the network. 

3. The Xbase transaction processing system of claim 1 
further comprising: 

at least one Xbase client software means for encoding 
Xbase transactional commands in the Xbase transac- 
tion protocol on a client computer comprising: 
one or more Xbase application programs, 
an Xbase language environment, and 
a client network communication means, 
the Xbase language environment further comprising: 
an Xbase transaction command recognition means 
and 

an Xbase transaction protocol encoding means, 
each application program is attached to the Xbase 
language environment by a software interface 
means, 

the Xbase language environment is attached to the 
client network communication means by a software 
interface means, 

whereby the Xbase language environment uses the 
Xbase command recognition means to identify 
Xbase transactional commands and uses the Xbase 
transaction protocol encoding means to encode 
transactional commands in the Xbase transaction 
protocol and present encoded Xbase transaction 
commands to the client network communication 
means, whereby the client network communication 
means presents the encoded command to the network 
whereby the transaction commit/rollback logic specified 

by each application program on the client is correctly 

applied to the Xbase file set on the server. 

4. The Xbase transaction processing system of claim 3 
further comprising an SQL to Xbase translation means, the 
translation means is attached to the Xbase language envi- 
ronment by a software interface means, 

whereby SQL client application programs can operate 
against the Xbase file set with proper commit/rollback 
behavior. 

5. The Xbase transaction processing system of claim 3 
wherein the server computer system operates Novell 
NetWare, and the server network communication means is 
based on IPX networking protocol. 

6. The Xbase transaction processing system of claim 3 
wherein the server computer system operates Novell 
NetWare, the server network communication means is based 
on the IPX networking protocol, and the Xbase Language 
environment is Clipper. 

7. The Xbase transaction processing system of claim 3 
wherein the server computer system operates Novell 
NetWare, the server network communication means is based 
on the IPX networking protocol, and the Xbase Language 
environment is Delphi. 

8. The Xbase transaction processing system of claim 3 
wherein the server computer system operates Microsoft 
Windows NT, and the Xbase Language environment is 
Microsoft Access. 
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